A method is developed for in situ generation of 1,3-dioxan-5-one derivatives 2. These compounds are simple precursors for accessing carbohydrate structures and previously had to be produced via stepwise procedures using excessive amounts of reagents. In the present work, three different derivatives of 2 were synthesized via the reaction of trialkoxyalkanes with dihydroxyacetone dimer 1 in the presence of acetic acid as the catalyst. In the same pot, derivatives of 2 were reacted with aromatic aldehydes and 30 mol% of pyrrolidine to obtain high yields of the respective bischalcones 3 within short time periods.
Introduction
Trioses are among the smallest monosaccharide biomolecules playing important roles in cellular respiration [1] . In the course of glycolysis, fructose-1,6-bisphosphate is cleaved to glyceraldehyde-3-phosphate and dihydroxyacetone phosphate (DHAP) [2] . The latter in turn could convert to lactic acid and pyruvic acid [3] . In the nature, DHAP can lead to more complex carbohydrates stereoselectively via enzyme-catalyzed aldol reactions [4] . The chemical equivalent to DHAP is dihydroxyacetone (1, DHA, Scheme 1) which is the only ketotriose and does not exist in enantiomeric forms and is therefore achiral [5] . DHA and its derivatives are successfully employed as C 3 building blocks through synthetic manipulations for asymmetric synthesis of various compounds of interest [6] .
The limitation in the chemistry of DHA is that the compound usually exists in relatively inactive dimeric form [7, 8] and researchers have to use its protected heterocyclic synthon, 1,3-dioxan-5-one 2 derivatives instead [9, 10] . In this context, Enders introduced a simple and biomimetic approach for direct proline-catalyzed asymmetric synthesis of several carbohydrate structures and their related compounds through one-step aldol reactions of 2 [11] [12] [13] [14] . Majewski reported stereodivergent synthesis of both enantiomers of glycero-allo-heptose from similar starting ketone 2 [15] and organocatalyzed synthesis of L-deoxymannojirimycin and L-deoxyidonojirimycin via syn-aldol reaction of 2 with (S)-isoserinal hydrate [16] . Interestingly, several applications of this chemistry are reported for the synthesis of natural compounds of interest such as total synthesis of (±)-isophellibiline [17] , (±)-cortistatin J [18] , and (±)-erythroidines [19] .
The difficulties associated with the preparation of derivatives of 2 have persuaded synthetic chemists to design and attempt new methods to obtain 2 via more convenient reactions and by performing less synthetic steps [20] [21] [22] [23] . In the framework of our studies to develop new synthetic procedures in heterocyclic chemistry [24] [25] [26] [27] , herein we introduce a new method for in situ preparation of three various derivatives of 2 starting from 1 and trialkoxyalkanes (RCR' 3 ) and acetic acid as catalyst. Then, ketones 2 are reacted in the same pot with aldehydes to get the respective bischalcone derivatives 3 via ClaisenSchmidt condensation reactions at room temperature. The importance of chalcone functionalities in heterocyclic chemistry from synthetic [28, 29] and biological points of view is well documented [30, 31] .
Results and discussion
We first optimized the conditions for the synthesis of 2a by reacting 1 with MeC(OMe) 3 and various catalysts (Table 1) . Under the conditions reported by Müller et al [32] , camphor-10-sulfonic acid (CSA) in dioxane caused 81% formation of 2a after 24 h (entry 1). Use of Lewis acids almost led to minor quantities of the desired product even at a higher temperature or a longer reaction time (entries 2-5). Acetic acid improved the result to give 80% of 2a at 60 °C and after a much shorter time period (entry 6). Also, less amounts of the solvent (entry 7) or the reagent (entry 8) led to comparable results. Other carboxylic acids did not behave better than CH 3 COOH (entries 9-10). These optimum conditions were applied successfully to prepare two other derivatives of 2 in high yields (entries [11] [12] .
With these results, we were persuaded to use the optimum conditions to prepare derivatives of 2 and subject them to react with an aromatic aldehyde to evaluate the possibility of the synthesis of bischalcone derivatives 3 in the same reaction pot (Table 2) . For this purpose, when monitoring of the reaction showed maximum formation of 2a, the mixture was treated with an alkaline hydroxides followed by addition of 4-ClC 6 H 4 CHO. As a result, use Scheme 1 Important structures derived from ketones 2 (a synthon for 1). of NaOH (entries 1-2) or KOH (entries 3-4) in aqueous or solvent-free conditions gave no minor amounts of 3a.
However, when organocatalysts were used, pyrrolidine (entry 5) gave 3a in 83% yield after 15 min, while Et 2 NH (entry 6) or Et 3 N (entry 7) produced 63% or 41% of the same product after similar time period.
To show the generality of the process, we synthesized various derivatives of 3 by subjecting 2a to react with different aldehydes bearing electron withdrawing groups (Scheme 2). Thus 3a-f were obtained in high yields. Also, the reaction with benzaldehyde itself led to the same observations and 3g was obtained in 80%. Similarly, use of 2b or 2c produced the target products (3h-3n) in 85-95% yields. The condensation step for all reactions occurred within 15-20 min and products precipitated in the mixtures spontaneously.
Conclusion
In summary, we succeeded to prepare derivatives of 2, which could be either isolated from the reaction mixtures or further subjected to Claisen-Schmidt reactions in the same pot. Thus various derivatives of 2 and 3 could be prepared efficiently. After the prevailing reaction conditions, the products were solidified in the reaction vessels and required no expensive and time consuming chromatographic separations. In addition, synthesis of 2 succeeded by using much less amounts of solvent and the required orthoesters.
Experimental
Melting points are uncorrected. FT-IR spectra were recorded using KBr disks on a Bruker Vector-22 spectrometer. NMR spectra were obtained on a FT-NMR Bruker Ultra Shield TM (500 MHz for 1 H and 125 MHz for 13 C) as DMSO-d 6 solutions using TMS as internal standard reference. Elemental analyses were performed using a Thermo Finnigan Flash EA 1112 instrument. MS spectra were obtained on a Finnigan Mat 8430 instrument at ionization potential of 70 eV. TLC experiments were carried out on pre-coated silica gel plates using petroleum ether/EtOAc as the eluent. Chemicals and starting materials were purchased from commercial sources. Aldehydes were redistilled or recrystallized before being used. Products 3a, 3f, 3g, and 3k were known [33, 34] . All other products were new and were characterized by analyzing their 1 H NMR, 13 C NMR, IR, and mass spectra.
General procedure for the synthesis of 2
Acetic acid (125 µl, 20 mol%) was added dropwise to a mixture of dihydroxyacetone dimer 1 (1.01 g, 5.6 mmol) in dioxane (2 mL), while being heated at 60 °C under argon atmosphere. After 10 min, a trialkyl orthoacetate (23 mmol) was added to the mixture and was stirred for another 8 h. The mixture was concentrated under reduced pressure and the residue was distilled to obtain derivatives of 2. Products 2a-b are known [32, 34] .The structure of 2c is inferred from the final products (3m and 3n) containing this central ring.
General procedure for one-pot synthesis of 3
Acetic acid (125 µl, 20 mol%) was added dropwise to a mixture of dihydroxyacetone dimer 1 (1.01 g, 5.6 mmol) in dioxane (2 mL), while being heated at 60 °C under argon atmosphere. After 10 min, trialkyl orthoacetate (23 mmol) was added to the mixture and the mixture was stirred for another 8 h. TLC (petroleum ether/EtOAc 4:1) showed complete conversion of the starting materials to 2 after 8 h. The heating source was removed and an aldehyde (18.6 mmol) and pyrrolidine (3.36 mmol, 277 μl, 30 mol%) were added and mixing was continued at room temperature for 10-15 min. The completion of the reaction was monitored with TLC (petroleum ether/EtOAc:10:1). The product precipitated in the mixture. The crude solid product was purified by recrystallization from EtOH and solid products 3 were obtained. 
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